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Immunological tubulo-interstitial deposits in IgA nephropathy
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Immunological tubulo-interstitial deposits in IgA nephropathy. Fifty-
one patients with IgA nephritis and tubulo-interstitial lesions of various
degrees were studied to define the frequency of tubulo-interstitial
immunological involvement and whether or not it may hold any
significance for the course of the nephropathy. The follow-up lasted 8 to
15 years from the first clinical sign of nephropathy. By immunofluores-
cence, tubulo-interstitial deposits involving 10 to 35% of proximal
tubules were found in 19 patients, consisting of C3 in all patients, lgG
and IgA in two patients, respectively, and 1gM in four. Using electron
microscopy dense deposits along the tubular membrane were not found
in these patients. Mononuclear infiltrates and tubular basement mem-
brane thickening were observed more frequently by light microscopy in
patients with tubulo-interstitial deposits, but they did not correlate with
glomerular immunofluorescence or with glomerular cellularity or scle-
rosis. Twenty-one out of the 51 patients studied presented a reduction
in renal function at the end of the follow-up. A significant correlation (P
< 0.001) was found between the decrease in renal function and the
presence of tubulo-interstitial deposits. Four of these patients pro-
gressed toward endstage renal failure in less than 5 years, despite
moderate glomerular changes at the first renal biopsy, while severe
tubulo-interstitial damage with immunoglobulin and complement depo-
sition was present. Our results suggest that tubulo-interstitial immuno-
logical deposits may have a role in the evolution of IgA nephropathy.
Depots immuns tubulo-interstitiels dans Ia néphropathie a IgA. Cm-
quante et un malades avec néphrite a EgA et lesions tubulo-interstitielles
[de degres variables ont etC CtudiCs pour essayer de dCflnir Ia frequence
de l'atteinte immunologique tubulo-interstitielle et pour savoir si die
pourrait avoir une quelconque signification dans l'évolution de Ia
nCphropathie. Le suivi a duré entre 8 et IS ans a partir du premier signe
clinique de nCphropathie. En immunofluorescence, des depots tubulo-
interstitiels touchant 10 a 35% des tubules proximaux ont été trouvés
dans 19 malades, consistant en C3 dans tous les malades, en lgG et IgA
dans deux malades, respectivement, et en 1gM duos quatre. En micros-
copie Clectronique, aucun depOt dense Ic long des tubulaire sous-sol
membrane n'a Cté trouvé dans ces malades. Des infiltrats mononuclCCs
et un Cpaississement des tubulaire sous-sol membrane étaient plus
frCquemment observes en microscopic oplique dans Ics malades avec
depOts tubulointerstitiels, mais ils n'Ctaient pas corrClCs avec l'immuno-
fluorescence glomérulaire, ni avec Ia cellularité ou Ia sclérose gloméru-
laires: Vingt et un des 51 malades Ctudiés ont presente une reduction de
icur fonction rénale a Ia fin de l'Ctude. Une correlation significative (P
< 0,001) a Cté trouvCe entre Ia diminution dc Ia fcnction rCnale et Ia
presence de dCpôts tubulo-interstitiels. Quatre de ces malades ont
progressC vers l'insuffisance rCnale terminale en moms de 5 ans, malgré
des modifications glomérulaires modérées a Ia premiere biopsie, alors
que des lesions tubulo-interstitielles sévères avec des depOts d'immun-
oglobulines et dc complement Ctaient préscntcs. Nos rCsultats suggèr-
ent que les depOts immuns tuhulo-interstitiels pourraient avoir un rOle
dans l'Cvolution de Ia néphropathie a IgA.
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In 1968 Berger and Hinglais [I] first described glomerular
lesions associated with diffuse mesangial deposits of IgA in
patients presenting with macroscopic or microscopic hematu-
na, usually following an upper respiratory tract infection. IgA
nephropathy is presently one of the more common forms of
primary glomerulonephritis. While the diagnostic criteria are
clear, based on typical immunofluorescence findings, the prog-
nosis is still controversial. The unfavorable results recorded in
some patients, such as progression toward chronic renal failure
[2] and recurrence of the lesions in the transplanted kidney [3],
contrast with the original optimism as to the benignity of IgA
disease [4, 51. The exact proportion of these unfavorable results
and the factors responsible are still unknown. As for other
immunological diseases, induced by either antiglomerular base-
ment membrane (GBM) antibodies [61 or immune complex
deposition [7], tubulo-interstitial lesions may be seen frequently
in IgA nephropathy. They are characterized by tubular atrophy,
scattered interstitial infiltration and fibrosis, and sometimes
even acute interstitial nephritis [8]. Whether or not these lesions
may have an immunological basis and their effect, if any, on the
progression of the disease, is at present unknown. As far as we
know, no previous renal biopsy immunofluorescence investiga-
tions have been reported thus far. This prompted us to review
our experience in the field. Our study deals with a long-term
clinico-morphological follow-up in 51 patients with lgA
nephropathy and associated tubulo-interstitial lesions. The aims
were: (1) to assess the frequency of tubulo-interstitial immuno-
logical desposits among tubulo-interstitial lesions, (2) define
their histoimmunological characteristics, and (3) correlate the
histoimmunological findings with the clinical course of the
disease.
Methods
Patients. Among the 1183 cases of primary glomerulonephri-
tis emerging from a review of our renal biopsy specimens at the
end of May 1981, IgA nephropathy was diagnosed in 207
(17.5%). Only 51 of them are included in the present study
because they alone fulfilled appropriate criteria for selection:
(I) presence of tubulo-interstitial lesions at the first renal
biopsy, (2) absence of clinical or biochemical signs of systemic
or hepatic disease, 3) normal renal function at the beginning of
the study, and (4) clinical and functional data available for at
least a 5-year follow-up.
Thirty-nine men and 12 women were seIected their age
varied from 15 to 63 years (mean, 32). Nineteen presented
isolated or recurrent macroscopic hematuria, 16 minimal un-
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nary abnormalities, 14 persistent proteinuria, and two nephrotic
syndrome. All patients had normal blood pressure at the time of
the first renal biopsy. The known duration of the disease before
renal biopsy was carried out varied from 1 to 98 months (mean,
32). The first clinical or laboratory sign of nephropathy was
taken as the beginning of the disease. In May 1981 the clinical
course and renal function of each patient were analyzed.
Renal biopsy. Specimens were fixed for light microscopy in
neutral formalin or Bouin's solution and embedded in paraffin.
Sections were cut 3 to 4 js in thickness and stained with
hematoxylin-eosin, periodic acid-Schiff, periodic acid-silver
methenamine, and Masson's trichrome.
Immunofluorescence studies were performed on cryostat
sections stained with fluorescein conjugated monospecific anti-
sera against IgG, IgA, 1gM, C3, Clq, and fibrinogen (Dako and
Behring) at a dilution of 1 10 in PBS. The specificity of deposits
was assessed by blocking tests with unconjugated antisera.
Unstained sections also were observed. Normal kidney sec-
tions were used as a control. The intensity of immunofluores-
cence reaction was graded from 0 to 4+; tubulo-interstitial
deposits were evaluated semiquantitatively as a percentage of
tubules involved. The presence of deposits in the lumen of
tubules was not considered for the purpose of the study.
For the electron microscopy, specimens were fixed in 2.5%
glutaraldehyde, postfixed in 1% osmium tetroxide, then embed-
ded in Araldite.
Renal function. Serum creatinine was taken as a clinical
indication of renal function. At the end of the follow-up patients
with an increase of at least 50% in serum creatinine concentra-
tion over starting values were considered to have a significant
decrease in renal function.
Other investigations included the determination of serum
complement components and serum immunoglobulins, mea-
sured by radial immunodiffusion using specific antisera
(Behring).
Statistical analysis was performed by the chi-square and
Wilcoxon's test for random samples.
Results
Tubulo-interstitial deposits were observed by immunofluo-
rescence in 19 of the 51 cases studied. Deposits were generally
focal in distribution, involving from 10 to 35% of the proximal
tubules; cases with less than 10% of tubules involved were not
considered.
Deposits were located in the interstitium, along the tubular
basement membranes and sometimes inside the cytoplasm of
tubular epithelial cells. Most frequently they showed a coarse
granular pattern (Fig. IA) and were arranged occasionally in a
thick layer (Fig. 1B). In five patients, segmental linear deposits
were also observed (Fig. 1C). C3 was documented in all 19
patients; IgG and IgA in two patients each; 1gM in four (Table
1). Immunoglobulin deposits were never found in control sec-
tions, while 8% exhibited small, occasional C3 deposits along
tubular basement membranes. However, they were distinctly
different from those observed in the cases reported because of
their irregular distribution, faint intensity and lesser extent
(always less than 5% of tubules involved).
Correlation with glomerular immunofluorescence findings.
No strict correlation was observed between tubulo-interstitial
and glomerular immunofluorescence in terms of type and
intensity of deposits (Table 1). Particularly bright granular
deposits of IgG were observed in proximal tubules in two
patients in which IgG were not detected in the glomeruli.
Tubular immunofluorescence was positive for IgA in only two
of the 19 cases and showed a well defined granular pattern on 15
and 23% of tubules, respectively. 1gM tubular deposits were
observed in four patients, while this immunoglobulin was
documented in the glomeruli in 12 patients.
Correlation with light microscopy lesions. Patchy tubular
basement membrane thickening was observed by light micros-
copy in 16 out of the 19 patients with tubulo-interstitial deposits
(84%) and in 19 out of the 32 with negative tubulo-interstitial
immunofluorescence (60%) (Table 2). Likewise mononuclear
infiltrates were documented more frequently in the former
group (94%) than in the latter (78%). However, these differ-
ences were insignificant by statistical analysis. Total glomerular
sclerosis showed the same incidence in the two groups (57 and
54%, respectively). The presence of immunological tubulo-
interstitial involvement appeared not to correlate with the
degree of glomerular cellularity: Some patients presenting only
moderate glomerular lesions exhibited severe interstitial alter-
ations and vice versa. Slight to moderate vascular lesions,
consisting of medial hypertrophy and focal intimal hyalinization
of the arteriolar wall, were observed in five patients with
tubulo-interstitial deposits (26%) and only in one patient with-
out deposits (3%). This difference proved statistically signifi-
cant (P < 0.05).
Electron microscopy. Electron microscopy studies were car-
ried out in 12 out of the 19 patients presenting tubulo-interstitial
deposits and in 21 patients without deposits. Findings were
similar in both groups. Tubular basement membrane alterations
mainly consisted of various degrees of thickening, most fre-
quently with a homogeneous appearance (Fig. 2A). though
sometimes lamellar (Fig. 2B) or reticulate (Fig. 2C). Electron
dense deposits suggesting the presence of immune complexes
were never seen. In all patients studied particulate material,
differing in shape and size, generally enclosed in a more
electron dense matrix (Fig. 2A) was observed inside the base-
ment membrane and thought to represent debris of necrotic
cells (Fig. 2D). Degenerating tubular epithelial cells were ob-
served, sometimes associated with signs of regeneration.
Clinical picture. Nine out of the 19 patients with tubulo-
interstitial deposits presented macroscopic hematuria (47%); in
four (2 1%) minimal urinary abnormalities were documented and
in six (32%) persistent proteinuria. Of the 32 patients without
deposits, ten (3 1%) had hematuria, 12 (37%) minimal urinary
abnormalities, eight (25%) persistent proteinuria, and in two
(7%) a nephrotic syndrome was present. The difference in the
clinical picture between the two groups was not statistically
significant. Moreover, no significant difference in clinical signs
emerged between the 51 reported patients and the remaining
patients with IgA nephropathy.
As far as serum complement (C3, C2, C4) and immunoglob-
ulins (IgA, IgU, 1gM) levels are concerned, no difference was
documented between patients with or without tubulo-interstitial
deposits; mean IgA levels were 327 118 and 314 114 mg,
respectively. These values proved to be significantly higher (P
<0.05) than those documented in a group of 36 normal subjects
(198 96 mg).
Follow-up studies. At the end of the follow-up period a
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decrease in renal function took place in 21 of the 51 patients
studied; 18 of these 21 were from the group with tubulo-
interstitial deposits, only three were from those who presented
negative tubular immunofluorescence. The difference was sta-
tistically significant (P < 0.01). No correlation was observed
between reduction in renal function and presence and percent-
age of sclcrosed glomeruli, while the incidence of tubulo-
interstitial deposits and mononuclear infiltrates was significant-
ly higher in patients with decreased renal function (Table 3): P
< 0.001 and P < 0.05, respectively. Four patients presented
quite a rapid course and reached endstage renal failure in 20 to
60 months from first evidence of nephropathy (Table 4). The
clinical picture was recurrent hematuria in one patient and
Fig. 1. Tubular deposits at immunofluores-
cence. A IgG deposition in an irregular granu-
lar pattern along the tubular basement mem-
brane. (x400) B Granular C3 deposits in a
thick layer along the tubular basement mem-
branes (x160),
persistent proteinuria in the others. Severe interstitial damage
was found in all four patients at the first renal biopsy, despite
only moderate changes in the glomeruli. Immunofluorescence
showed tubular deposits involving 25 to 35% of proximal
tubules; C3 was associated with IgA (patient no. 2), 1gM
(patient no. 5), and IgG in the remaining two (Table 4).
Discussion
Immunological tubulo-interstitial deposits have been report-
ed already in various immunological glomerular diseases. They
include lupus nephritis [9], membranoproliferative [101, and
rapidly progressive glomerulonephritis [11]. The presence of
immunoglobulins of a granular pattern along the tubular base-
Fig. 1. C Segmental linear 1gM deposits along
the tubular basement membranes (X200).
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Table 2. Frequency of light microscopy lesions in patients with and
without tubulo-interstitial deposits
T-l deposits No Ti deposits
(N = 19) % (\T 32) %
TBM thickening 16 84 19 60
Mononuclear infiltrates 18 94 25 78
Glomerular sclerosis 11 57 17 54
Arteriolar lesions 5 26 1 3
Abbreviations: T-1. tubulo-interstitial; TBM, tubular basement mem-
brane; N, number of patients.
a P < 0.05 between the two groups.
ment membrane suggests that the tubulo-interstitial deposits are
immune complexes. Dense deposits similar to those found in
the glomeruli have been seen with electron microscopy along
the tubular basement membrane [9—11].
In IgA nephropathy the significance of tubulo-interstitial
deposits is presently obscure. According to our results about
40% of the patients with IgA nephropathy and tubulo-interstitial
lesions show tubular deposits at immunofluorescence. Since
experimental [12] and clinical investigations [13] have demon-
strated that IgA nephropathy is an immune complex-mediated
form of renal disease, it might be supposed that immunological
lgG
Table 1. Immunofluorescence findings of renal biopsy specimens in 19 patients with tubulo-interstitial deposits
Immunofluorescence
Glomerular Tubular
IgA
Patient
no.
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
++
-4-
+
++
++++
+++
+++
++++
+ + + +
± ± +
+++
+++
++++
+++
++++
+ + ±
+++
+++
++++
+±+
± + + +
1gM C3 lgG IgA 1gM C3
±+ +±++ ++ — +++
± +±+ — ++ +++
+ +++ ±± +±++
±± +++± ±+ ++
± +±.++ +++
++ +++± ++±
+ ±±+ ±+ ++
++ ±±+ ++
++ +++
+++
+±
±±+ ±+
++++ +±+±
±+±
± + +
+++± ++4-
±++ ++
±+± +±
±±++ +-4-±
rib •. ç1)r.; '?'
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Fig. 2. Electron micrographs of proximal tubules. A Homogeneous thickening qf the tubular basement me,nhrane. Particulate electron dense
material (arrow) is included inside the membrane. (x5300) B Marked thickening and lamellaiwn of the tubular basement membrane (X3600).
tubulo-interstitial deposits occur in IgA nephritis as in other
diseases by an immune complex-mediated mechanism. The
present results, however, do not support this assumption. In
many patients (11 out of 19) deposits contained only C3, while
electron dense deposits with the typical appearance of immune
complexes were not found with electron microscopy. Thus, it is
likely that in human IgA nephropathy the glomerular and
tubular damage results from different immunological mecha-
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Fig. 2. C Reticulate appearance (arrow) of the tubular basement membrane. Cytoplasmic vacuolization of tubular epithelial cells. (x9000) D
Particulate material enclosed inside the tubular basement membrane (arrow) (x 24.000)
nisms. That IgG deposits were seen in two patients in which
IgG were negative in the glomeruli suggests that in some
patients tubular lesions may be induced by an autologous
immunological mechanism. The role of isolated C3 deposits
along the tubular basement membrane, as seen in 57% of our
patients, is unclear. Even though it is well known that C3 may
persist after immunoglobulins have disappeared, the possibility
that C3 deposits represent a nonspecific entrapment by dam-
:j; \ a'
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Table 3. Morphological findings of first renal biopsy specimens in patients with normal and decreased renal function at the end of follow-up
Normal
renal functiona
(N = 30)
Abbreviation: RDT, regular dialysis treatment.
The number of the patients corresponds to the number in Table 1.
Data was taken at the time of the first renal biopsy.
'Mononuclear infiltrates were graded from 0 to 4+ according to the extent in renal biopsy.
90
85
57
24
P value
<0.05
< 0.001
NS
<0.01
aged tubules should not be ruled out. In our patients C3
deposits were always associated with inflammatory infiltrates;
they seem likely to reflect the presence of active inflamma-
tion." Moreover, differences in distribution, degree, and extent
between C3 deposits observed in IgA nephritis and those found
in 8% of controls, strongly suggest that they are not an
occasional nonspecific phenomenon but strictly connected with
inflammatory lesions.
Whatever the exact mechanism that induces the immunologi-
cal tubulo-interstitial deposits in IgA nephropathy, their pres-
ence should be acknowledged for their possible clinical rele-
vance. IgA nephropathy once was regarded generally as a slow
and nonprogressive renal disease 141. Recent reports, however,
have shown that the progression toward chronic renal failure
may be expected to occur in about 30% of the patients [14]. In
some patients the impairment of renal function occurs after
many years, while in others the uremic phase is reached in a
shorter time. Alleged signs of poor prognosis include: age at the
time of first biopsy, presence of proteinuria, hypertension, high
serum IgA, impaired renal function, and glomerular sclerosis
[15—17]. However, it is not clear how these factors may
influence the progression rate of the disease. Our results
suggest that the presence of immunologically mediated tubulo-
interstitial damage may play its role in the progression of IgA
nephropathy, as in other forms of immunologically induced
glomerular disease. Indeed, a statistically significant correlation
(P < 0.001) was found between reduction in renal function and
the presence of tubulo-interstitial immunological deposits. Fur-
thermore, a more rapid progression into chronic renal failure
occurred in the patients (Table 4) in whom the immunological
nature of the deposits was indisputable (immunoglobulins asso-
ciated with complement).
In patients with IgA nephropathy, therefore, the detection by
renal biopsy of immunologically mediated tubulo-interstitial
alterations, even with moderate glomerular lesions and normal
renal function, may be regarded as a sign of progression.
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